their responses to their environments, and hence conservation actions.
Besides suitable taxa selection, methods of evaluation and results are crucial. Too many monitoring projects conclude by comparing changes in species richness. This approach has only limited value and is increasingly supplemented by comparing threatened species richness (e.g., Balmer and Erhardt 2000, Kadlec et al. 2008) or such indices as specialists : generalists ratio (Batáry et al. 2007 , Rainio and Niemela 2003 , Devictor et al. 2008 . But with accelerating loss of even formerly common species from European landscapes, it is desirable that projects of biodiversity monitoring target common species as well. Ordination analyses, on the other hand, allow tracking not only numbers of species, but also changes in species identities (Clarke 1993, Lep and milauer 2003) . Comparisons of species life-history traits seem to promise a suitable addition, as they, aside from observing changes in species numbers, allow inferring which environmental processes have been responsible for the observed changes in species composition (Kremen et al. 1993 , Owens 1999 . These approaches are particularly suitable for regions with good background biodiversity knowledge, such as parts of Europe, where basic life history information is available for many taxonomic groups.
Human-disturbed sites such as abandoned quarries are increasingly appreciated by ecologists as potential refuges for species that are becoming rare in wider, commonly exploited landscapes (Schulz and Wiegleb 2000 , Benes et al. 2003 , Rosenzweig 2003 , Samways 2007 . Such sites typically harbour diverse mosaics of rather extreme abiotic conditions Cullen 1997, Novak and Konvicka 2006) which had existed in pre-modern landscapes at sites such as exposed river sediments, landslides and overgrazed commons (Thomas 1993 , Andersen and Hanssen 2005 , Bates et al. 2007 ). The future of quarries, dumps, sand-pits and brownfields, however, is often uncertain, due to strong pressures for technical reclamation Pysek 2001, Hodacova and Prach 2003) . Therefore, the monitoring of the anthropogenic sites and their importance for common landscape biodiversity is particularly important.
This study compares patterns of quarried habitats colonisation and of adjacent seminatural habitat communities of two groups of predatory epigeic arthropods ground beetles (Coleoptera: Carabidae) and ground-dwelling spiders (Araneae). Both groups are often used as indicator taxa (Marc et al. 1999, Rainio and Niemela 2003) . In addition to species richness patterns, we analyze the species composition of communities colonising quarried habitats, and the life-history traits of constituting species. The spiders were analysed in detail in a previous study, in which we found that quarries tend to be colonised by regionally rare species of considerable conservation interest, probably because they contain regionally rare extreme habitats .
Here, we argue that colonisation by ground beetles, as an ecologically rather similar group, differs in a few crucial patterns which highlight the necessity of a multi-taxa approach in monitoring studies.
Material and methods

Study area and sampling design
The study was carried out in a relatively cold region containing both basic (limestone) and acidic (granulite) bedrock, at the piedmont of the Blansky les Mts. (SW Czech Republic; Fig. 1 ), a low-mountain area reaching its maximum at Klet Mt., 1084 m a.s.l. The landscape consists of beech and spruce forests, fields, pastures and a scarce built-up area of small villages. The climate is cold to moderately warm, annual temperatures ranging from 4.7 to 7°C and precipitation being 560-720 mm.
We sampled the invertebrates at six sites, three quarries paired with three adjoining seminatural ones (Table 1) . Three distinct biotopes were sampled in each quarry: rocks, herbaceous stage and scrub, assuming that succession in the quarries would eventually lead either to herbaceous or scrubby conditions Cullen 1997, Wiegleb and Felinks 2001) . Only herbaceous and scrub biotopes were sampled at seminatural sites, as no rocky walls due to intensive rock har- Site names abbreviations V, Vysny; K, Vysenske kopce; P, Plesovice; T, Trisov; Z, Zrcadlova hut; S, Na Strazi.
an identical upper diameter and depth (9 cm and 15 cm, respectively) and contained a solution of 5% formaldehyde.
They were treated as identical in the analyses.
Analyses
We performed all analyses separately for ground beetles and spiders, using PAST 1.81 (Hammer et al. 2001) Carlo permutation tests (with 999 runs) were used to test for non-random patterns in the ordinations. The permutations were performed so that they reflected the temporal and spatial distribution of catches: the lines of traps were permuted as line transects and the emptying visits as a time series. We used log-transformed species data to level off great differences in catch sizes among individual species in the samples, and applied the CANOCO downweighting of rare species option to minimise the possible effects of species caught in very small numbers. Because empty rows in the data matrices (zero catches) precluded using more complex permutation designs, we added a miniscule value (0.0001) to each data matrix cell.
Life-history traits
Traits of individual species belong to both groups as summarised for Czech spiders by Buchar and Ruzicka (2002) and for Czech ground beetles by Hurka (1996) (humidity and light requirements) and Hurka et al. (1996) (habitat quality) were used to compare samples from different conditions. We considered (i) habitat quality, a ranked variable based on categorisation by Buchar (1983) 
Results
The total catches consisted of 3029 individuals of 132 spider species and 2937 individuals of 71 ground beetle species.
As shown by the rarefaction curves (Fig. 2) , a higher richness of both groups of epigeic arthropods occurred in seminatural sites, this difference was more distinct for spiders. The two groups did not differ in the numbers of species in different substrates. In both ground beetles and spiders, herbaceous biotope contained the highest species richness, curves for scrubby biotopes had a similar shape but contained significantly less species, whereas rocky walls were the poorest. A majority of the curves approached asymptotic pla- Table 1 . Sites of pitfall trapping in quarries and adjoined seminatural xeric sites in the Blansky les Mts. In analyses, each quarry was paired with following seminatural xeric site. teaux, except for the curves from the rocky biotope, which was probably caused by the low number of caught species.
In ordinations (Fig. 3) , quarries differed from seminatural sites in species compositions of both groups (ground beetles: F = 9.09, p = 0.001; spiders: F = 8.16, p = 0.001). In ground beetles (Fig. 3a) , the group associated with quarries consisted almost exclusively of species tolerating repeated mechanical disturbance, as many of the species occur, e.g.,
on regularly ploughed arable fields (Bembidion quadrimaculatum, Bembidion lampros, Harpalus affinis, Pterostichus melanarius, Calathus erratus, Calathus melanocephalus, Poecilus cupreus, Poecilus versicolor).
The group appeared rather homogeneous internally, displaying low scatter along the second ordination axis. The species associated with seminatural sites formed a rather wide second-axis gradient, from species with lower humidity requirements of closed-sward grasslands in negative values of the second ordination axis (e.g., Amara equestris, Amara montivaga) to species with higher humidity requirements of shady, wooded habitats (Abax parallelepipedus, Pterostichus burmeisteri).
The homogeneous group of spiders associated with quarries (Fig. 3b) 
Histopona torpida, Haplodrassus silvestris, Pardosa lugubris) and dry grassland (Xysticus robustus, Zodarion germanicum, Alopecosa trabalis, Zelotes electus, Trachyzelotes pedestris).
The comparison of life-history traits (Table 2) 
Discussion
Our study revealed several similarities in occupancy patterns of quarries and adjoining seminatural habitats by ground beetles and spiders. For both groups, species richness was higher in the seminatural habitats than in the quarries, herbaceous biotopes were species-richer than scrubby and rocky biotopes. Assemblages inhabiting the quarries were formed by significantly different sets of species than those inhabiting the seminatural habitats. The substrate had no effect on species richness of both groups, but limestone sites hosted spiders and ground beetles demanding habitats of higher quality (according to Buchar 1983) . Importantly, the quarries tended to be occupied by regionally rarer spiders , but no such pattern applied to ground beetles. A survey limited to ground beetles only, as well as a survey limited to species richness, would therefore fail to detect the conservation potential of the quarries.
The differences in life-history traits between the two groups were not dramatic: none of the life-history patterns disclosed for one group went in an opposing direction for the other group. Still, the few differences between ground bee- Abbreviations in column direction Character: q, quarry; sn, seminatural. Biotope: h, herbaceous; r, rocky; sc, scrubby. Substrate: g, granulite; l, limestone. ns: not significant; *: p < 0.05; **: p < 0.01. tles and spiders warrant interpretation, considering that our survey targeted two groups of remarkably similar ecology, both being composed of ground-dwelling predators. Among the recent studies using multi-taxa approach for comparing the conservation value of habitats, disparities seem to be frequent among groups exhibiting different life-history traits.
Examples include comparisons between generalist and specialist beetles (Batáry et al. 2007) , diurnal butterflies and nocturnal moths (Ricketts et al. 2002 , Cremene et al. 2005 , Baur et al. 2006 , and vertebrates, invertebrates and plants (e.g., Kati et al. 2004 , Roth et al. 2008 ).
The fact that the quarries tended to be colonised by regionally rare spiders but not by regionally rare ground beetles is probably due to differences in the composition of species pools providing colonists for these early-successional sites 
Conclusions for conservation and monitoring
The previous finding that quarries tended to be colonised by regionally rare species of spiders did not apply to ground beetles. This observation supports the claims that assessment of conservation value of natural localities, and planning of their future uses, should be based on multiple groups. This multi-taxa or shopping basket approach Baur 1998, Sauberer et al. 2004) may be particularly important for heavily human-exploited, early-successional or dynamic environments, such as various kinds of post-industrial barrens, where taxon-specific peculiarities in dispersal and colonisation ability affect the composition of local communities.
Another message of this study is the necessity to consider species identities, and life-history traits, in conservation surveys and monitoring. Too often, monitoring projects conclude by comparing species richness or such indices as diversities or specialists: generalists ratios. In our case, the sites did not differ in species richness at all. Considering that data collection and species identification consume the largest shares of monitoring costs, it is unwise to stop and only compare richness, and it is highly desirable to invest into deeper, species-level analyses.
